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High enthalpy arc-jets

Looking down the column Looking along the column Test chamber

Needed: Capability to perform realistic simulations



Bruce Walter Arc Heater visualization




Mole fraction [-]

1D study of the mini-Arc
(with J.B. Scoggins & J. Jimenez-Miro)

Non-Equilibrium vs. Equilibrium - Xy, for X, = 0.6
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1D study of the S I B |
mini-Arc | .:
(Note from J.B. Scoggins) & ool \

Distance From Column Inlet (mm)

Figure 1: Damkohler number associated with the O2 dissociation reaction for different inlet
temperatures.

Equilibrium formulation for applications of interest

(high pressure ~ 9atm, high temperature ~10,000 K)
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Compressible Navier-Stokes Equations:
Equilibrium formulation with variable elemental fraction
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Transport properties from MUTATION++

V. Giovangigli, Multicomponent Flow Modeling, Birkhauser, Boston, 1999

References J.B. Scoggins, T.E. Magin, Development of Mutation++: multicomponent thermodynamic and transport property
library for ionized plasmas written in C++, AIAA Pap. 2966 (2014) 14



Tabulated
Air/Ar mixtures
Interpolation
assuming
No/Ny stays
constant

Specific heat [J/kg/K]
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Figure 12: Specific heat from Mutation++ library for air (left) and Argon (right) in function of p and T.
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V x B = poJ

Set B=V x A
MHD 0A 1
approximation 7 5. %VQA —oux (VxA)+oVy =0

where 9 is a Coulomb potetntial determined so that:

V-A=0

17



EFE=FE,+FE,

Splitting the Eimp — —V¢imp

Electric field
V  (Jimp) =

V- (Jf,;mp) = ( — V - (—O'quf,;mp) = (

Anode Cathode
Boundary

conditions —Uvﬁbimp = Const. sz‘mp =0
Gimp = Const.
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Electromotive
force

Figure 6: Electrode with Internal Magnetic Drive. Figure 7: B, for an anode with 4 electrodes.
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Radiation transfer fimiz = X Kair + Y Kargon
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Fig. 2: LBL absorption coefficient for a mixture with a mol
Fig. 1: Spectral absorption coefficients for LTE air and argon fraction of 0.5 air + 0.5 argon at 15,000 K and 10 atm com-
at 10,000 K and 1 atm puted with the reduced model (RED) vs NEQAIR (NEQ) 25
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Highly unsteady and turbulent flow




3D Radiation
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Imposed Electric Field
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Induced Magnetic Field
V2B = uoVo x Vo

V4
Anodes
I=1170 A
Y
X
Time m,, = 0.45 kg/s

t=0.5738s

Cathodes
l,=-1170.3 A

T l,,=-112.408 A
1, =-295.775 A

), =-388.115 A
\ Cc3
I, = -373.997 A

m, . = 0.452819 kg/s

Time
t=0.5738s

(B! [T]

0.015
0.014
0.013
0.012
0.011
0.01

0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

Anodes
l,=1170 A

m

constrictor

= 0.4 kg/s

mimer-anodes = 0'05 kg/s
\
| 1,,=2925A
| 1,,=2025A
‘ l,,=292.5 A
1,=2925A

1B/ [T]

0.015
0.014
0.013
0.012
0.011
0.01

0.009
0.008
0.007
0.006
Y 0.005
0.004
0.003
0.002
0.001




External Magnetic Field
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Arc instabilities in ARCHeS
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Arc behavior for air only




Arc behavior for air/Ar mixture




Arc reattachment




Summary

* Priority physics models have been implemented
* Working tool is being tested for:

* Mini-ARC

* HyMETS

* IHF & AHF

Next Challenges

* Current numerical scheme not optimized for nearly
incompressible flow — an all-speed formulation is needed

* Electrode boundary conditions

* Melt of the electrodes

46



